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(54) Optical recording medium, optical recording method and optical recording device 



(57) An optical recording medium having a sub- 
strate, and a recording layer provided on the substrate 
and containing: (a) a formazan metal chelate including 
a fonnazan compound and a metal component, (b) a 
squarylium metal chelate including a squarylium com- 
pound and a metal component; and (c) at least one ad- 
ditional dye selected from phlhalocyanine compounds 
and pentamethine cyanine compounds. Alternatively, 
the recording layer contains (a) a first formazan metal 
chelate including a first formazan compound and a first 



metal component and having the maximum absorption 
wavelength in the range of 500 to 650 nm. (b) a 
squarylium metal chelate including a squarylium com- 
pound and a metal component; and (c) a second forma- 
zan metal chelate Including a second formazan com- 
pound and a second metal component and having the 
maximum absorption wavelength different from that of 
the first formazan metal chelate and In the range of 650 
to 750 nm. 
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Description 

[0001] The present invention relates to an optical recording nnedium, an optical recording method and an optical 

recording device. 

5 [0002] As next-generation high-capacity optical disc systems, DVD-R and DVD+R are under development. In order 
to increase the recording capacity of DVD-R and DVD+R, it is necessary to develop recording materials that can reduce 
the size of a recording pit, to use image compression technique such as MPEG2 (motion picture experts group) and 
to develop semiconductor laser capable of emitting light having a short wavelength suitable for reading small recorded 
pits. 

10 [0003] As for the laser diodes emitting light in the red region. AIGalnP semiconductor laser, which emits light having 
a wavelength of 670 nm. has been developed for commercial operation in barcode readers and measuring instruments. 
With an increase of the capacity of optical discs, red color semiconductor laser has been used in the optical data 
storage field. In the case of DVD drives, the standardized light source is light within the 630-690 nm band emitted by 
semiconductor laser. As for the read-only DVD-ROM (digital versatile disc-read-ohly-memory). driving systenns using 

15 light having a wavelength of about 650 nm are marketed. 

[0004] In the circumstances, DVD-R and/or DVD+R media capable of recording and reading data with a laser beam 
having a wavelength of 630-690 nm are desired. Various organic dyes have been hitherto proposed for use in a re- 
cording layer of an optical recording medium. The known media are designed such that the wavelength corresponding 
to the longer side end region of an absorption band in an absorption spectrum of a dye film, as shown in FIG. 1 , is 

20 utilized for recording and reading information so as to obtain a high reflectance, which is one of the important charac- 
teristics of an optical recording medium using organic dyes. In this case, however, there arises a problem that the 
medium is greatly influenced by the wavelength of the laser beam. 

[0005] It is known that the oscillation wavelength of a semiconductor laser for use in DVD-R and/or DVD+R varies 
depending upon the environment. In particular, at a high temperature, the oscillation wavelength shifts toward a longer 
25 wavelength side and, therefore, the absorbance coefficient of the dye used in the recording layer decreases, causing 
a reduction of the recording sensitivity thereof. 

[0006] The present invention has been made in view of the above problems. In accordance with the present invention 
there is provided an optical recording medium comprising a substrate, and a recording layer provided on said substrate 
wherein said recording layer comprises: 

30 

(a) a fomnazan metal chelate which comprises a formazan compound and a metal component, 

(b) a squarylium metal chelate which comprises a squaryllum compound and a metal component; and 

(c) at least one additional dye selected from a phthatocyanine compound and a pentamethine cyanine compound. 

35 [0007] In another aspect, the present invention provides an optical recording medium comprising a substrate, and 
a recording layer provided on said substrate wherein said recording layer comprises: 

(a) a first formazan metal chelate which comprises a first formazan compound and a first metal component and 
which in the form of a film has the maximum absorption wavelength in the range of 500 to 650 nm, 
40 (b) a squarylium metal chelate which comprises a squarylium compound and a metal component and which in the 

form of a film has the maximum absorption wavelength in the range of 500 to 650 nm; and 
(c) a second formazan metal chelate which comprises a second formazan compound and a second metal com- 
ponent and which in the form of a film has the maximum absorption wavelength in the range of 650 to 750 nm. 

45 [0008] The present invention also provides an optical recording medium comprising a substrate, and a recording 
layer provided on said substrate wherein said recording layer comprises: 

(a) a first formazan metal chelate which comprises a first formazan compound and a first metal component and 
which in the form of a film has the maximum absorption wavelength in the range of 500 to 650 nm, 
50 (b) a squarylium metal chelate which cr^mprises a squarylium compound and a metal component and which in the 

form of a film has the maximum absorption wavelength in the range of 500 to 650 nm; and 

(c) at least one additional dye which in the form of a film has the maximum absorption wavelength greater than 
650 nm but not greater than 750 nm and which is selected from a phthalocyanine compound, a pentamethine 
cyanine compound and a second formazan metal chelate comprising a second formazan compound and a second 
55 metal component. 

[0009] The present invention also provides an optical recording method comprising the step of exposing the above 
optical recording medium to a light beam having a wavelength of 600 to 720 nm. 
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[0010] The present invention further provides an optical recording device comprising the above optical recording 
medium. 

[0011] The present invention will now be described in detail below with reference to the accompanying drawings, in 
which: 

FIG. 1 Is an absorption spectrum of a film of a dye used for a recording layer of conventional optical recording 
medium; 

FIG. 2(a) to FIG. 2(d) are schematic cross-sectional views showing examples of the general overwritable optical 
recording media embodying the present invention; 

FIG. 3(a) to FIG. 3(c) are schematic cross-sectional views showing examples of CD-R media embodying the 

present invention; and 

FIG. 4(a) to FIG. 4(c) are schematic cross-sectional views showing examples of DVD-R and/or DVD+R media 
embodying the present invention. 

First Embodiment: 

[0012] An optical recording medium according to the first aspect of the'present invention Includes a substrate, and 
a recording layer provided on the isubstrate. The recording layer comprises: 

(a) a fomnazan metal chelate which includes a formazan compound and a metal component, 

(b) a squarylium metal chelate which includes a squarylium compound and a metal component; and 

(c) at least one additional dye selected from a phthalocyanine compound and a pentamethine cyanine compound. 

Fomnazan metal chelates: 

[0013] Any conventionally known formazan metal chelate may be suitably used for the purpose of the present in- 
vention. Preferably, the fomnazan metal chelate is represented by one of the following fomiulas (I) and (II): 



wherein Z represents a residue forming, together with the carbon atom and the nitrogen atom to which said residue Is 
bonded, a 5-membered or 6-membered nitrogen-containing heterocyclic ring A which may have one or more substit- 
uents and which may be condensed with another ring; A3 represents an alkyl group which may have one or more 
substituents. an aryl group which may have one or more substituents, an alkylcarbonyl group which may have one or 
more substituents, an arylcarbonyl group which may have one or more substituents, an alkenyl group which may have 
one or more substituents, a heterocyclic group which may have one or more substituents, or an alkoxycarbonyl group 
which may have one or more substituents; and B represents an alkyl group which may have one or more substituents, 
an alkenyl group which may have one or more substituents or an aryl group which may have one or more substituents, 



wherein 2^ represents a residue fomning, together with the carbon atom and the nitrogen atom to which said residue 
is bonded, a 5-membered or 6-membered nitrogen-containing heterocyclic ring B which may have one or more sub- 
stituents and which may be condensed with another ring; Z2 represents a residue forming, together with the carbon 
atom and the nitrogen atom to which said residue is bonded, a 5-membered or 6-membered nitrogen-containing het- 




(I) 




(II) 
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erocyclic ring C which may have one or more substituents and which nnay be condensed with another ring; and A2 
each independently represent an all<yl group which may have one or more substituents. an aryl group which may have 
one or more substituents. an alkylcarbonyl group which may have one or more substituents, an aryicart)onyl group 
which may have one or more substituents. an alicenyl group which may have one or more substituents. a heterocyclic 
5 group which may have one or more substituents. or an alkoxycarbonyl group which may have one or more substituents; 
and B2 each independently represent an alkylene group which may have one or more substituents, an alkenylene 
group which may have one or more substituents or an arylene group which may have one or more substituents; W 
represents -CH2- or -SO2-; and n is an integer of 0 or 1 . 

[0014] Each of the residues Z, Z, and Zg which form, together with the -N=C- linkage, the heterocyclic rings A, B 
10 and C, respectively, may comprise not only carbon atom or atoms but also one or more hetero atoms such as nitrogen 
(-N-), oxygen (-0-), sulfur (-S-) and selenium (-Se-) as ring-fonming atoms. 

[0015] Each of the heterocyclic rings A, B and C may be condensed with another ring such as an alicyclic ring, an 
aromatic ring or a heterocyclic ring. Each of the alicyclic ring and the aromatic ring Is generally a 6-membered to 
20-membered ring, preferably a 6-membered to 1 0-membered ring. The heterocyclic ring as said another ring is gen- 
's erally a 5-membered to 20-membered ring, preferably a 5-membered to 14-membered ring, more preferably a 5-mem- . 
bered or 6-membered ring. Examples of the another ring include a benzene ring, a naphthalene ring, a cyclohexene 
ring, a pyrrolidine ring, a thiazole ring, an Imidazole ring, an oxazole ring, a pyrazole ring, a pyridine ring, a pyridazlne 
ring, a pyrimldlne ring, a pyrazlne ring, a quinollne ring, an indole ring and a carbazole ring. 

[0016] Specific examples of the heterocyclic rings A, B and C include a thiazole ring, an imidazole ring, a thiadiazole 
20 ring, an oxazole ring, a triazole ring, a pyrazole ring, an oxadiazole ring, a pyridine ring, a pyridazine ring, a pyrimidine 
ring, a pyrazine ring and a triazine ring. 

[0017] Specific examples of the substituent usable for bonding to the heterocyclic rings A, B and C Include halogen 
atoms, a nitro group, a cyano group, a hydroxyl group, a carboxyl group, an amino group, a carbamoyl group, alkyi 
groups which may have one or more substituents, aryl groups which may have one or more substituents, heterocyclic 

25 groups which may have one or more substituents, alkoxy groups which may have one or more substituents, aryloxy 
groups which may have one or more substituents, alkylthio groups which may have one or more substituents, arylthio 
groups which may have one or more substituents, alkylamino groups which may have one or more substituents, ar- 
ylamlno groups which may have one or more substituents, alkoxycarbonyl groups which may have one or more sub- 
stituents, aryloxycarbonyl groups which may have one or more substituents, alkylcarboxamido groups which may have 

30 one or more substituents, arylcarboxamido groups which may have one or more substituents, alkylsulfonamido groups 
which may have one or more substituents. alkytearbamoyi groups which may have one or more substituents. arylcar- 
bamoyi groups which may have one or more substituents, alkenyl groups which may have one or more substituents. 
and alkylsulfamoyi groups which may have one or more substituents. 

[0018] Examples of A^, A2 and A3 in the above formulas (I) and (II) include alkyI groups which may have one or more 

35 substituents, aryl groups which may have one or more substituents, alkylcarbonyl groups which may have one or more 
substituents, arylcarbonyl groups which may have one or more substituents, alkenyl groups which may have one or 
more substituents, heterocyclic groups which may have one or more substituents and alkoxycarbonyl groups which 
may have one or more substituents. The alkyI group and the alkenyl group may be linear, branched or cyclic. The alkyI 
group preferably has 1 to 15 carbon atoms, more preferably 1 to 8 carbon atoms. The alkenyl group preferably has 2 

40 to 8 carbon atoms, more preferably 2 to 6 carbon atoms. 

[0019] Examples of B In the formula (I) include alkyI groups which may have one or more substituents, alkenyl groups 
which may have one or more substrtuents and aryl groups which may have one or more substituents. The alkyI group 
and the alkenyl group may be linear, branched or cyclic. The alkyI group preferably has 1 to 15 carbon atoms, more 
preferably 1 to 8 carbon atoms. The alkenyl group preferably has 2 to 8 carbon atoms, more preferably 2 to 6 carbon 

45 atoms. The aryl group preferably has 6 to 18 carbon atoms, more preferably 6 to 14 carbon atoms. 

[0020] Examples of B^ and B2 In the above formula (II) Include alkylene groups which may have one or more sub- 
stituents, alkenylene groups which may have one or more substituents and arylene groups which may have one or 
more substituents. The alkylene group and the alkenylene group may be linear, branched or cyclic. The alkylene group 
preferably has 1 to 15 carbon atoms, more'preferably 1 to 8 carbon atoms. The alkenylene group preferably has 2 to 

50 8 carbon atoms, more preferably 2 to 6 carbon atoms. The arylene group preferably has 6 to 18 cartoon atoms, more 
preferably 6 to 14 carbon atoms. 

[0021] Each of the above-mentioned alkyI groups preferably has 1 to 15 carbon atoms. Specific examples of such 
alkyI groups include straight chain alkyI groups such as a methyl group, an ethyl group, an n-propyl group, an n-butyl 
group, an n-pentyl group, an n-hexyl group, an n-heptyl group, an n-octyl group, an n-nonyl group and an n-decyl 
55 group; branched alkyI groups such as an Isobutyl group, an isoamyl group, a 2-methylbutyl group, a 2-methylpentyl 
group, a 3-methylpentyl group, a 4-methylpentyl group, a 2-ethylbutyl group, a 2-methylhexyl group, a 3-methylhexyl 
group, a 4-methylhexyl group, a 5-methylhexyl group, a 2-ethylpentyl group, a 3-ethylpentyl group, a 2-methylheptyl 
group, a 3-methylheptyi group, a 4-methylheptyl group, a 5-methylheptyl group, a 2-ethylhexyl group, a 3-ethylhexyl 



4 



BNSDOCIO: <EP 1335357A1_L> 



EP 1 335 357 A1 



group, an isopropyl group, a sec-butyl group, a 1 -ethylpropyl group, a 1 -methylbutyl group, a 1 ,2-dimethylpropyl group, 
a 1-methyIheptyl group, a 1-ethylbutyI group, a 1 .3-dimethylbutyl group, a 1 ,2-dimethylbutyl group, a 1-ethyl-2-meth- 
ylpropyl group, a 1 -methylhexyl group, a 1 -ethylheptyl group, a 1 -propylbutyl group, a 1 -isopropyl-2-methylpropyl group, 
a 1 -ethyl-2H7iethylbutyl group, a 1 -propyl-2-methylpropyl group, a 1 -methylheptyl group, a 1 -ethylhexyl group, a 1 -pro- 

5 pylpentyl group, a 1 -isopropylpentyl group, a 1 -isopropyI-2-methy!butyl group, a 1-isopropyl-3-methylbutyl group, a 
1 -methyloctyl group, a 1 -ethylheptyl group, a 1 -propylhexyl group, a 1 -isobutyl-3-methylbutyl group, a neopentyl group, 
a tert-butyl group, a tert-hexyl group, a tert-amyl group and a tert-octyl group; and cycloalkyi groups such as a cyclohexyl 
group, a 4-methylcyclohexyl group, a 4-ethylcyclohexyl group, a 4-tert-butylcyclohexyl group, a 4-(2-ethylhexyl)cy- 
clohexyl group, a bornyl group and an Isobomyl group and an adannantyl group. Among these, alkyi groups having 1 

10 to 8 carbon atoms are especially preferred. 

[0022] The above-described alkyl groups may have one or more substituents such as a hydroxy! group, a halogen 
atom, a nitre group, a carboxyl group, a cyano group, an aryl group which may have one or more substituents (for 
example, a halogen atom or a nitro group) and a heterocyclic group. Further, the alkyl group may have one or more 
substituents of the fonmula -2-R where Z represents a heteroatom such as an oxygen atom, a sulfur atom or a nitrogen 

15 atom and R represents a hydrocarbyl group such as an alkyl group of the above-described type. 

[0023] Examples of the alkyl group having an -O-R substituent include an alkoxyalkyi group and an aryloxyalkyi 
group such as a methoxymethyl group, a methoxyethyl group, an ethoxymethyl group, an elhoxyethyl group, a butox- 
yethyl group, an ethoxyethoxyethyl group, a phenoxyethyl group, a methoxypropyl group and an ethoxypropyl group. 
The alkoxyalkyi group and aryloxyalkyi group may have one or more substituents such as a halogen atom or a nitro 

20 group. 

[0024] Examples of the alkyl group having an -S-R substituent include an alkylthloalkyi group and an arylthioalkyi 
group such as a methylthioethyl group, an ethylthioethyl group, an ethylthiopropyl group and a phenylthioethyl group. 
The alkylthioalkyi group and arylthioalkyi group may have one or more substituents such as a halogen atom or a nitro 
group. 

25 [0025] Examples of the alkyl group having an -N-R substituent include an alkylaminoalkyi group and an arylaminoalkyi 
group such as a dimethyiaminoethyl group, a diethylaminoethyl group, a diethylaminopropyl group and a phenylami- 
nomethyl. The afkylamlnoalkyi group and arylaminoalkyi group may have one or more substituents such as a halogen 
atom or a nitro group. 

[0026] As the above-mentioned alkylene groups, those obtained by removing one hydrogen atom from the above- 

30 described alkyl groups can be mentioned as examples. 

[0027] Each of the above-mentioned alkenyl groups preferably has 2 to 8 carbon atoms. Specific examples of such 
alkenyl groups include a vinyl group, an allyl group, a 1-propenyl group, a methacryl group, a crotyl group, a 1-butenyl 
group, a 3-butenyl group, a 2-pentenyl group, a 4-pentenyl group, a 2-hexenyl group, a 5-hexenyl group, a 2-heptenyl 
group and a 2-octenyl group. Substituents for these alkenyl groups are similar to those for the above-described alkyl 

35 groups. 

[0028] As the above-mentioned alkenylene groups, those obtained by removing one hydrogen atom from the above- 
described alkenyl groups can be mentioned as examples. 

[0029] Examples of the above-mentioned aryl groups include a phenyl group, a naphthyl group, an anthryl group, a 
fluorenyl group, a phenalenyl group, a phenanthranyl group, a triphenylenyl group and a pyrenyl group. 
40 [0030] As the above-fnentioned arylene group, those obtained by removing one hydrogen atom from the above- 
described aryl groups can be mentioned as examples. 

[0031] The above-described aryl and arylene groups may have one or more substituents such as an alkyl group, an 
alkenyl group, a hydroxyl group, a halogen atom, a nitro group, a carboxyl group, a cyano group, a trifluoromethyl 
group, an aryl group which may have a substituent (for example, a halogen atom or a nitro group), a heterocyclic group 
45 which may have a substituent (for example, a halogen atom or a nitro group) and a group of the formula -Z-R where 
Z represents a heteroatom such as an oxygen atom, a sulfur atom or a nitrogen atom and R represents a hydrocarbyl 
group such as an alkyl group. The alkyl group, alkenyl group and aryl group herein may be the same as those explained 
above. 

[0032] Examples of the above-mentioned heterocyclic groups include a fuiyl group, a thienyl group, a pyrrolyl group, 
so a benzofuranyl group, an isobenzofuranyl group, a benzothrenyl group, an indolinyl group, an Isoindolinyl group, a 
carbazolyl group, a pyridyl group, a piperidy! group, a quinolyl group, an isoquinolyl group, an oxazolyl group, an 
isoxazolyl group, a thiazolyl group, an isothiazolyl group, an imidazolyl group, a pyrazolyl group, a benzimidazolyl 
group, a pyrazyl group, a pyrimidinyl group, a pyridazinyl group and a quinoxalinyl group. 

[0033] These heterocyclic groups may have one or more substituents such as a hydroxyl group, an alkyl group, a 
55 halogen atom, a nitro group, a carboxyl group, a cyano group, an aryl group which may have a substituent (for example, 
a halogen atom or a nitro group), a heterocyclic group which may have a substituent (for example, a halogen atom or 
a nitro group) and a group of the formula -Z-R where 2 represents a heteroatom such as an oxygen atom, a sulfur 
atom or a nitrogen atom and R represents a hydrocarbyl group such as an alkyl group. 
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[0034] Specific examples of the above-mentioned halogen atonns include fluorine, chlorine, bromine and iodine. 
[0035] As the above-mentioned alkoxy group which may have one or more substituents, those having an alkyi group, 
which may have one or more substituents, directly bonded to an oxygen atom may be used. Specific examples of the 
alkyl group and substituent are similar to those described above. 
5 [0036] As the aryloxyl group which may have one or more substituents. those having an aryl group, which may have 
one or more substituents, directly bonded to an oxygen atom may be used. Specific exannples of the aryl group and 
substituent are similar to those described above. 

[0037] As the alkylthio group which may have one or more substituents. those having an alkyl group, which may 
have one or more substituents, directly bonded to a sulfur atom may be used. Specific examples of the alkyl group 
10 and substituent are similar to those described above. 

[0038] As the arylthio group which may have one or more substituents, those having an aryl group, which may have 
one or more substituents. directly bonded to a sulfur atom may be used. Specific examples of the aryl group and 
substituent are similar to those described above. 

[0039] As the alkylamino group which may have one or more substituents, those having an alkyl group, which may 
15 have one or more substituents, directly bonded to a nitrogen atom may be used. Specific examples of the alkyl group 
and substituent are similar to those described above. In this case, the alkyl groups may be linked to form a ring with 
a heteroatom such as an oxygen atom or a nitrogen atom. Examples of the ring include a piperidino group, a morpholino 
group, a pyrrolidinyl group, a piperazinyl group, an Indolinyl group, and an isoindolinyl group. 

[0040] As the arylamino group which may have one or more substituents, those having an aryl group, which may 
20 have one or more substituents, directly bonded to a nitrogen atom may be used. Specific examples of the aryl group 
and substituent are similar to those described above. 

[0041] As the alkylcarbonyl group which may have one or more substituents, those having an alkyl group, which may . 
have one or more substituents, directly bonded to the carbon atom of the carbonyl group may be used. Specific ex- 
amples of the alkyl group and substituent are similar to those described above. 
25 [0042] As the arylcarbonyl group which may have one or more substituents. those having an aryl group, which may 
have one or more substituents, directly bonded to the carbon atom of the carbonyl group may be used. Specific ex- 
amples of the aryr group and substituent are similar to those described above. 

[0043] As the alkoxy carbonyl group which may have one or more substituents, those having an alkyl group, which 
may have one or more substituents, directly bonded to the oxygen atom of -0(C=oj- may be used. Specific examples 
30 of the alkyl group and substituent are similar to those described above. 

[0044] As the aryloxycarbonyl group which may have one or more substituents. those having an aryl group, which 
may have one or more substituents, directly bonded to the oxygen atom of -0(C=0)- may be used. Specific examples 
of the aryl group and substituent are similar to those described above. 

[0045] As the aikylcarboxamido group which may have one or more substituents. those having an alkyl group, which 
35 may have one or more substituents, directly bonded to the carbon atom of thecarboxamido group may be used. Specific 
examples of the alkyl group and substituent are similar to those described above. 

[0046] As the arylcarboxamido group which may have one or more'substituents, those having an aryl group, which 
may have one or more substituents, directly bonded to the carbon atom of the carboxamido group may be used. Specific 
examples of the aryl group and substituent are similar to those described above. 

40 [0047] As the atkylcarbamoyi group which may have one or more substituents, those having an alkyl group, which 
may have one or more substituents, directly bonded to the nitrogen atom of the carbamoyl group may be used. Specific 
exarhples of the alkyl group and substituent are similar to those described above. In this case, alkyl groups may be 
linked to form a ring with a heteroatom such as an oxygen atom or a nitrogen atom. . Examples of the ring include a 
piperidino group, a morpholino group, a pyrrolidinyl group, a piperazinyl group, an indolinyl group, and an isoindolinyl 

45 group. 

[0048] As the arylcarbamoyi group which may have one or more substituents, those having an aryl group, which 
may have one or more substituents, directly bonded to the nitrogen atom of the carbamoyl group may be used. Specific 
examples of the aryl group and substituent are similar to those described above. 

[0049] As the alkylsulfamoyi group which may have one or more substituents, those having an alkyl group, which 
so may have one or more substituents, directly bonded to the nitrogen atom of the sulfamoyi group may be used. Specific 
examples of the aryl group and substituent are similar to those described above. 

[0050] As the alkylsuifonamido group which may have one or more substituents. those having an alkyl group, which 
may have one or more substituents, directly bonded to the nitrogen atom of the sulfonamide group may be used. 
Specific examples of the aryl group and substituent are similar to those described above. 
55 [0051] The metal component constituting the formazan metal chelate may be a metal or a metal compound. Specific 
examples of the metal component include titanium, vanadium, 'chromium, manganese, iron, cobalt, nickel, copper, 
zinc, zirconium, niobium, molybdenum, technetium, ruthenium, rhodium, palladium, oxides of these metals and halides 
of these metals. Above all, vanadium, manganese, iron, cobalt, nickel, copper, zinc or palladium is preferred because 
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an optical recording medium using the formazan metal chelate comprising such metal is excellent in optical charac- 
teristics. Of the halides. chlorides are preferred. 

[0052] The formazan metal chelate, when fonmed Into a film, preferably has the maximum absorption wavelength in 
the range of 500 to 650 nm. 

[0053] Specific examples of the formazan metal chelates are shown in Tables 1 through 4. In the tables, Ph represents 
a phenyl group. 



Table- 1 



Formazan 
Metal 

Chelate No. 


Fonnazan 


Uetal 
Component 




Bf— NH r^^-^^— N(C2H5)2 


VCI3 


A-2 




Co 


A-3 


PhO 

N S — NH N — f \ 

PhO .9 

CF3 • 


Ni 


A-4 


PhO^ OPh 
PhO ' ^^'^ 


Cu 
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Formazan 
Metal 

Chelate No. 


Formazan 
Compound 


Metal 
Component 
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Table 3 
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Formazan 
Uetal 


• Compound 


Metal 
Component 










10 


A-10 




Cu 


15 
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A-11 


HaCO^ CI 

H3C0 9 / • 
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Cu 
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( V-NH N-<^ 
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A-12 


\ / 1 0 V=/ 


Ni 








35 


A-13 


\ W— <)— N(C4H9)2 
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40 




CN 





45 



SO 
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Table 4 
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Formazan 
Metal 

Chelate No. 


Formazan 
Compound 


Uetal 
Component 


10 


A-14 


CI 


Mn 


15 






20 


A-15 


. 0 , ■ 


Co 


25 




CL . CI 




30 


A-16 


o*^cx;h3 . H3Co''^o 


Ni 



Squarylium metal chelates: 

35 

[0054] Any conventionally known squarylium metal chelate may be suitably used for the purpose of the present 
invention. Preferably, the squarylium metal chelate Is represented by the following formula (III): 



40 



45 




Ri 



(III) 



50 



55 



wherein and R2 each independently represent a hydrogen atom, an aliphatic group which may have one or more 
substituents, an aralkyi group which may have one or more substituents, an aryl group which may have one or more 
substituents or a heterocyclic group which may have one or more substituents; M represents a metal atom having a 
coordination capacity; X represents an aryl group which may have one or more substituents, a heterocyclic group which 
may have one or more substituents, or Z3 = CH- (Z3 representing a heterocyclic group which may have one or more 
substituents); and m is an integer of 2 or 3. 

[0055] In the fomriula (III) X is preferably represented by the following formula (IV): 



^5Vyx:ir>. <EP 13353S7A1 I > 



10 



EP 1 335 357 A1 




Re 



R4, R3 



R7 



H — 



(IV) 



wherein R3 and R4 each independently represents an aliphatic group which may have one or more substltuents, or R3 
and R4 may be taken together with an adjacent carbon atom to form a hydrocarbon ring or a heterocyclic ring; R5 
represents a hydrogen atom, an aliphatic group which may have one or more substituents. an aralkyi group which may 
have one or more substituents, or an aryl group which may have one or more substituents; Rg through R9 each Inde- 
pendently represent a halogen atom, an aliphatic group which may have one or more substituents, an aralkyi group 
which may have one or more substituents, an aryl group which may have one or more substituents, a hltro group, a 
cyano group, or an alkoxy group which may have one or more substituents, or adjacent two of Rg through Rg may be 
taken together with two adjacent carbon atoms to form aVIng which may have one or more substituents. 
[0056] The above-mentioned aliphatic group includes an alkyi group and an alkenyl group and may be linear, 
branched or cyclic aliphatic group. The linear or branched aliphatic group preferably has 1 to 6 carbon atoms. The 
cyclic aliphatic group preferably has 3 to 8 carbon atoms. 

[0057] Examples of the aliphatic group include a methyl group, an ethyl'group, a propyl group, an isopropyl group, 
a butyl group, an iso-butyl group, a sec-butyl group, a tert-butyl group, a pentyl group, an isopentyl group; a 1-meth- 
ylbutyl group, a 2-methylbutyl group, a tert-pentyl group, a hexyl group, a cyclopropyl group, a cyclobutyl group, a 
cyclopentyl group, a cydohexyl group, a cycloheptyl group, a cyclooctyl group, a vinyl group, an ally! group, a 1 -propenyl 
group, a methacryl group, a crotyl group, a 1 -butenyl group, a 3-butenyl group, a 2-pentGnyl group, a 4-pentenyI group, 
a 2-hexenyl group, a 5-hexenyl group, a 2-heptenyl group and a 2-octenyl group. 

[0058] The alkoxy group is a group having a linear, branched or cyclic alkyI group bonded to oxygen (-0-). The linear 
or branched alkyI group preferably has 1 to 6 carbon atoms. The cyclic alkyI group preferably has 3 to 8 carbon atoms. 
Examples of the alkyI group are similar to those described above. 

[0059] Examples of the aralkyi group Include aralkyi groups having 7 to 15 carbon atoms, such as a benzyl group, 
a phenethyl group, a phenylpropyl group and a naphthylmethyl group. 

[0060] Examples of the aryl group include aryl groups having 6 to 18 carbon atoms, such as a phenyl group, a 
naphthyl group, an anthryl group and an azulenyl group. 

[0061] Examples of the halogen atom include chlorine, bromine, fluorine and iodine. 

[0062] As for the hydrocarbon ring which is formed by adjacent two of Rg through R9 being taken together with two 
adjacent carbon atoms, an aromatic ring having 6 to 14 carbon atoms such as a benzene ring and an alicyclic ring 
having 3 to 10 carbon atoms such as a cyclohexane ring may be mentioned as examples. 

[0063] Examples of the heterocyclic ring in the above-mentioned heterocyclic groups and of the heterocyclic ring 
fomned by R3 and R4 being taken together with an adjacent carbon atom include 5- or 6-membered monocyclic aromatic 
or aliphatic heterocyclic rings containing at least one heteroatom such as a nitrogen atom, an oxygen atom or a sulfur 
atom; and fused bicyclic or tricyclic, aromatic or aliphatic heterocyclic rings wherein 3- to 8-membered rings are con- 
densed, containing at least one heteroatom such as a nitrogen atom, an oxygen atom or a sulfur atom. Specific ex- 
amples of the heterocyclic rings include a pyridine ring, a pyrazine ring, a pyrimidine ring, a pyridazine ring, a quinoline 
ring, an isoquinoline ring, a phthalazine ring, a quinazoline ring, a quinoxalirie ring, naphthyridine ring, cinnoline ring, 
pyrrole ring, pyrazole ring, an Imidazole ring, a triazole ring, a tetrazole ring, a thiophene ring, a furan ring, a thiazole 
ring, an oxazole ring, an indole ring, an isoindole ring, an tndazole ring, benzimldazole ring, benzotriazole ring, a 
benzothiazole ring, a benzoxazole ring, a purine ring, acarbazole ring, a pyrrolidine ring, a piperidine ring, a piperazine 
ring, a morpholine ring, a thiomorpholine ring, a homopiperidine ring, a homopiperazine ring, a tetrahydropyridine ring, 
a tetrahydroqulnoline ring, a tetrahydroisoquinoline ring, a tetrahydrofurane ring, a tetrahydropyrane ring, a dihydroben- 
zofurane ring and a tetrahydrocarbazole ring. 

[0064] 'Examples of the heterocyclic group as Z3 in the formula (III) include (ndolin-2-ylidene, benz[ e] indolin-2-yli- 
dene. 2-benzothiazolinylidene, naphtho[ 2,1-d] thiazol-2{3H)-ylidene, naphtho[ 1 .2-d]thiazol-2(1 H)-ylidene, 1 ,4-dihyd- 
roquinolin-4-ylidene. 1 ,2-dihydroquinolin-2-ylidene, 2,3-dihydro-1H-imidazo[ 4,5-d3quinoxalin-2-yndene and 2-ben- 
zoselenazolinylidene. 

[0065] Examples of the alicyclic hydrocarbon ring formed by R3 and R4 being taken together with an adjacent carbon 
atom include those having 3 to 8 carbon atoms which may be saturated or unsaturated, more specifically, a cyclopro- 
pane ring, a cyclobutane ring, a cyclopentane ring, a cyclohexane ring, a cycloheptane ring, a cyclooctane ring, a 
cyclopentene ring, a 1 ,3-cyclopentadiene ring, a cyclohexane ring, and a cyclohexadiene ring. 
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[0066] The substituents for the aralkyi group, aryl group, alkoxy group, heterocyclic group or a ring which is formed 
by adjacent two of Rg through R9 being taken together with two adjacent carbon atoms may be the same or may be 
different. Examples of the substituent include a hydroxyl group, a carboxyl group, halogen atoms, alkyi groups, alkoxy 
groups, a nitro group, a trifluoromethyl group, and an amino group which may have one or more substituents. The 
halogen atoms, alkyI groups and alkoxy groups are simitar to those described above. 

[0067] Examples of the substituent for the aliphatic group and alkyl group include a hydroxyl group, a carboxyl group, 
halogen atoms and alkoxy groups. The halogen atoms and alkoxy groups are similar to those described above. 
[0068] Examples of the substituent for the amino group may be one or two alkyl groups which may be the same or 
different. The alkyl groups usable here are similar to those described above. 

[0069] As a metal atom (M), any metal may be used as long as it is coordinatable with the squarylium compound. 
Specific examples of the metal atom M include aluminum, zinc, copper, iron, nickel, chromium, cobalt, manganese, 
iridium, vanadium and titanium. Aluminum is particularly preferred because an optical recording medium using the 
squarylium metal chelate comprising aluminum is excellent in optical characteristics. 

[0070] A generally employed process for preparing the compound represented by the formula (III) will be described 
below. Hereinafter, the compound represented by the fonmula (111) may be referred to Compound (III). This also applies 
to the compounds with other formula numbers. 
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Reaction scheme (1-a) : 
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Reaction scheme (1-d) : 

Compound (IX) ► Compound (III) 

[0071] In the above-described reaction schemes, R^, Rg. X, M and m have the same meanings as described above. 
Y represents hydrogen, potassium, sodium or the like and Me represents a methyl group. 

[0072] In the reaction scheme (1-a), Compound (VII) is available by reacting Compound (V) with 0.5 to 2 times the 
mole of Compound (VI), in the presence of a base if necessary, in a solvent at room temperature to 40'C for 30 minutes 
to 15 hours. Examples of the base include 1 to 2-fold mole of inorganic bases such as potassium carbonate, sodium 
carbonate and potassium hydroxide and 1 to 2-fold mole of organic bases such as triethylamine and sodium methoxide. 
As the solvent, methanol, ethanol, dimethylformamide or the like may be used. 

[0073] In the above-described reaction scheme (1 -b). Compound (VIII) is available by treating Compound (VII) in an 
alkaline solvent or an acidic solvent at room temperature to 40**C for 30 minutes to 1 5 hours. Examples of the alkaline 
solvent usable here include an aqueous solution of potassium carbonate, an aqueous solution of sodium carbonate, 
and an aqueous solution of potassium hydroxide, while those of the acidic solvent include a 50% vol/vol aqueous 
dimethyl sulfoxide solution of hydrochloric acid and a 50% vol/vol dimethylformamide solution of hydrochloric acid. 
[0074] In the reaction scheme (1 -c). Compound (IX) is available by reacting Compound (VIII) with 0.5 to 2 times the 
mole of X-H in the presence of 0.5 to 2 times the mole of a base if necessary, in a solvent, at 80 to 120°C for 1 to 15 
hours. Examples of the solvent include C2 to Cq alcohol solvents such as ethanol, propanol, isopropanol, butanol and 
octanol and mixed solvents of any one of these alcohol solvents with benzene, toluene or xylene (containing at least 
50 vol/vol% of the alcohol). Examples of the base include organic bases such as quinoline, triethylamine and pyridine 
and inorganic bases such as potassium carbonate, potassium bicarbonate and sodium bicarbonate. 
[0075] In the above-described reaction scheme (1-d), Compound (III) is available by reacting Compound (IX) with 
0.5/m to 2/m times the mole of M"™+ in the presence of 0.5 to 2 times the mole of acetic acid if necessary, in a solvent 
at room temperature to 120''Cfor 1 to 15 hours. Examples of the material for providing M^^^ include aluminum trisacety- 
lacetonate, aluminum trtsethylacetoacetate, aluminum isopropoxide. aluminum sec-butoxide, aluminum ethoxide, alu- 
minum chloride, copper chloride, copper acetate and nickel acetate. Examples of the solvent include halogen solvents 
such as chloroform and dichloromethane. aromatic solvents such as toluene and xylene, ether solvents such as tet- 
rahydrofuran and methyl-tert-butyl ether and ester solvents such as ethyl acetate. 

[0076] The squarylium metal chelate, when formed into a film, preferably has the maximum absorption wavelength 
in the range of 500 to 650 nm. 

[0077] Specific examples of the squarylium metal chelates are shown in Tables 5 through 7. In the tables nPr, iPr. 
nBu and Ph represent n-propyl, isopropyl, n-butyl and phenyl groups, respectively. 
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Table 5 



Squarylilim 
Metal 

Qielate No. 


Squaryliiim 
Compound 


Uetal 
ConpondD't 


B-1 


' O' iPr 


Al 


B-2 


CHa O" C2H5 


Al 


B-3 


.CH3 • O" CF3 / . 


Nl 


B-4 


^^^^^^^^ 

CH3 O' CH3 


Al 


B-5 


CH3 O* CHj 


Al 


B-6 


CH3 O" CH3 


Al 


B-7 


H3C CH3 0- HO 
CH3 O" jypr 


Al 
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Table 6 
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Table 7 



Squarylium 
Metal 

Chelate No. 


Squarylitm 
Compound 


Metal 
Component 


B-15 






Al 


R-IA 


H3C CH3 O- HO 

CHa O CH3 / ' 


Al 


R-1 7 
O If 




H3C CH3 0- HO jP*] 
CH3 O' CF3 


Ai 


B-18 




|h3C CH3 9* "9 jf^^^T 

CH3 O' . itPr 


Al 
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Phthalocyanine compounds: 

40 [0078] Any conventionally known phthalocyanine compound may be suitably used for the purpose of the present 
invention. Preferably, the phthalocyanine compound is represented by the following formula (V): 




(V). 



wherein R^g through R^3 each independently represent an alkylsutfinyl group which may have one or more substituents, 
an alkenylsulfinyl group which may have one or more substituents, an arylsulfinyl group which may have one or more 
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substituents, an alkylsulfonyl group which may have one or more substltuents, an alkenylsulfonyl group which may 
have one or more substituents, an arylsulfonyl group which may have one or more substltuents, an alkyloxysulfonyl 
group which may have one or more substituents, an alkenyloxysulfonyl group which may have one or more substituents. 
an aryloxysulfonyl group which may have one or more substituents. an alkoxy group which may have one or more 
5 substituents, an arylcarbohyloxy group which may have one or more substituents or a pyrazolyl group which may have 
one or more substituents, and represents a metal component or two hydrogen atoms. 

[0079] The alky! part of the alkylsulfinyl group preferably has 1 to 12 carbon atoms, more preferably 1 to 6 carbon 
atoms and may be linear, branched or cyclic. The alkenyl part of the alkenylsulfinyl group preferably has 2 to 1 2 carbon 
atoms, more preferably 2 to 6 carbon atoms. The aryl part of the arylsulfinyl group preferably has 6 to 20 carbon atoms, 

10 more preferably 6 to 12 carbon atoms. The alkyi of the alkylsulfonyl group preferably has 1 to 12 carbon atoms, more 
preferably 1 to 6 carbon atoms and may be linear, branched or cyclic. The alkenyl part of the alkenylsulfonyl group 
preferably has 2 to 12 carbon atoms, more preferably 2 to 6 carbon atoms. The aryl part of the arylsulfonyl group 
preferably has 6 to 20 carbon atoms, more preferably 6 to 1 2 carbon atoms. The alkyI part of the alkyloxysulfonyl group 
preferably has 1 to 12 carbon atoms, more preferably to 6 carbon atoms and may be linear, branched or cyclic. The 

15 alkenyl part of the alkenyloxysulfonyl group preferably has 2 to 12 carbon atoms, more preferably 2 to 6 carbon atoms. 
The aryl part of the aryloxysulfonyl group preferably has 6 to 20 carbon atoms, more preferably 6 to 12 carbon atoms. 
The alkyI part of the alkoxy group preferably has 1 to 12 carbon atoms, more preferably 1 to 6 carbon atoms. The aryl 
part of the arylcarbonyloxy group preferably has 6 to 20 carbon atoms, more preferably 6 to 1 2 carbon atoms. Examples 
of the above alkyI, alkenyl and aryl include those described previously with reference to the formulas (I) and (II). Ex- 

20 amples of the substituents for the groups R^q through R.13 include those described previously with reference to the 
rings A, B and C. 

[0080] The metal component may be a metal such as a divalent metal or a metal compound such as an organic 
•metallic compound or a metal oxide. Preferably, in the formula (V) represents V=0 or Q^-Si-Qg where and Qg 
each independently represent an alkoxy group which may have one or more substituents, an aryloxy group which may 
25 have one or more substituents, an alkoxycarbonyl group which may have one or more substituents, an aryloxycarbonyl 
group which may have one or more substituents, an aryloxysulfonyl group which may have one or more substituents 
or an arylcarbonyloxy group which may have one or more substituents. The above substituent may be, for example, 
a halogen atom or a nitro group 

[0081] The phthalocyanine compound, when formed into a filr preferably has the maximum absorption wavelength 
30 In the range of 650 to 750 nm. 

[0082] Specific examples of the phthalocyanine compound are shown in Tables 8 and 9. In Tables 8 and 9, shown 
is only one of the isomers. In the case of a phthalocyanine compound having substituents at its a-position, for example, 
there exist four Isomers (a) to (d) shown below, and such a phthalocyanine compound is generally available as a 
mixture of the four isomers. 
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Table 8 



Compound 
No. 


Phthalocyanine. 
Compound 


Compound 
No.- 


Phthalocyanine 
Compound 


C-1 


• ... 


C-2 


CI 
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)?'^7^*>'*V^i^ CH3 
/ CI 


C-3 




C-4 
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Br 

0 CH3 
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Br 


C-5 
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^^^^^^^ 
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Table 9 



Compound 
No. 



Phthalocyanine 
Conipound 



Compound 
No. 



Pht ha locy an i ne 
Compound 



C-7 




C-8 




C-9 




C-10 




C-11 




C-12 



CH3 




a 



45 Pentamethine cyanine compounds: 

[0083] Any conventionally known pentamethine cyanine compound may be suitably used for the purpose of the 
present invention. Preferably, the pentamethine cyanine compound is represented by the following formula (VI): 
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•^3^v .CH3 




Rioa 

CH=CH-C=CH"-CH 



H3C 




(Vl) 



10 



15 



20 



25 



wherein R^oa represents a hydrogen atom, an aliphatic group which may have one or more substituents or a halogen 
atom, R^^a and R^ga ^^ch Independently represents an aliphatic group which may have one or more substituent and 
Q represents |-, CIO4*, BF4-, PFg", SbFg' orTsO" (p-toluenesuifonate). 

[0084] The aliphatic group for R^o^ through R^2a includes an alkyl group and an alkenyl group and may be linear, 
branched or cyclic aliphatic groups. The linear or branched aliphatic group preferably has 1 to 12 carbon atoms, more 
preferably 1 to iS carbon atoms. The cyclic aliphatic group preferably has 3 to 8 carbon atoms. Further, one or more 
heleroaloms such as an oxygen atom, a nitrogen atom or a sulfur atom may be presenl in the main chain of the aliphatic 
group. Examples of the aliphatic group include those described previously with regard to the formula (III). Examples 
of the substituents for the group R^oa through R^2a include those described previously with reference to the formula (I) . 
[0085] The pentamethine cyanine compound, when fomied into a film, preferably has the maximum absorption wave- 
length in the range of 650 to 750 nm. 

[0086] Specific exannples of the pentamethine cyanine compound are shown in Tables 1 0 to 1 2. In the tables, nHex, 
iBu and nPr represent an n-hexyl group, an isobutyl group and an n-propyl group, respectively. 
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Table 10 
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D-6 



Pentame thine 
Coinpound 
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CH=CH— CH==CH— C 
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CH=CH— CH=CH— C 




CH3 




CH3 
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CH3 



H3C CH3 
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Table 11 
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PeDtanethine 
Compound 
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Table 12 
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[0087] By using an additional dye which is selected from the phthalocyanine compound and the pentamethine cyanine 
30 compound having the maximum absorption wavelength (Xmax) near the recording and reading wavelength. In con- 
junction with the mixture of the formazan metal chelate and the squarylium metal chelate, the optical recording medium 
can show desired sensitivity while maintaining its desired optical characteristics, even when the wavelength of the 
laser beam varies. 

[0088] It is preferred that the weight ratio of the formazan metal chelate to the squarylium metal chelate range from 
35 1 0:90 to 50:50 for reasons of high light resistance and high reflectance. For reasons of excellent optical characteristics 
and low dependency of the sensitivity to the wavelength, the phthalocyanine compound is preferably present in an 
amount of 0.5 to 20 % by weight, more preferably 3 to 10 % by weight, based on a total weight of the formazan metal 
chelate and the squarylium metal chelate, while the pentamethine cyanine compound is preferably present in an amount 
of 0.5 to 5 % by weight based on a total weight of the fomnazan metal chelate and the squarylium metal chelate. 

40 

Second Embodiment: 

[0089] An optical recording medium according to the second aspect of the present invention includes a substrate, 
and a recording layer provided on the substrate. The recording layer comprises: 

45 

(a) a first formazan metal chelate which comprises a first fomnazan compound and a first metal component and 
which in the form of a film has the maximum absorption wavelength in the range of 500 to 650 nm, 

(b) a squarylium metal chelate which comprises a squarylium compound and a metal component and which in the 
form of a film has the maximum absorption wavelength in the range of 500 to 650 nm; and 

so (c) a second formazan metal chelate which comprises a second formazan compound and a second metal com- 

ponent and which in the form of a metal has the maximum absorption wavelength in the range of 650 to 750 nm. 

[0090] The first formazan metal chelate used in the second embodiment may be any fomnazan metal chelate as long 
as it has the maximum absorption wavelength in the range of 500 to 650 nm. Preferably, the first formazan compound 
55 is a compound represented by one of the formulas (I) and (II) described above in connection with the first embodiment. 
Specific examples of the preferred first fomnazan metal chelate are as shown in Tables 1 to 4. 

[0091] The squarylium metal chelate used in the second embodiment may be any squarylium metal chelate as long 
as it has the maximum absorption wavelength in the range of 500 to 650 nm. Preferably, the squarylium compound is 
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a compound represented by the formula (III) described above in connection with the first embodiment. Specific exam- 
ples of the preferred squarylium metal chelate are as shown In Tables 5 to 7. 

[0092] The second fomnazan metal chelate used in the second embodiment may be any formazan metal chelate as 
long as it has the maximum absorption wavelength in the range of 650 to 750 nm. Preferably, the second formazan 
5 compound is a compound represented by one of the formulas (I) and (II) described above in connection with the first 
embodiment. Specific examples of the preferred second fomnazan metal chelate are as shown In the following Tables 
13 to 14. 
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Table 13 



Second 

Formazan 

Metal 

Chelate 

No. 


Second Formazan Compound 


Metal 
Component 


E-1 




Ni 


E-2 


N(CH3h N(CH3)2 


Ni 


E-3 


— NH N — — n'' \> 
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NI 
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)~-NH N-^)— N(CH3)2 
CN 


Ni 
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Table 14 



Second 

Foxmazan 

Metal 

Chelate 

No. 


Second FormazaQ Compound 


Metal 

Component 


B-6 


V V 

^^^^ OCH3 


Ni 


B-7 


/=\ N^c^ w 

H3CO— \— HN 9 


Ni 


B-8 


PhO f 

.:.,.v • 

NO2 


Cu 


B-9 


6 


Co 


BIO 




Ni 


B 11 


1 HOOC 

6 


Ni 



[0093] By using the second formazan metal chelate, which has the maximum absorption wavelength (Xmax) near 
the recording and reading wavelength, In conjunction and the mixture of the first formazan metal chelate with the 
squaryllum metal chelate, the optical recording medium can show desired sensitivity while maintaining Its desired 
optical characteristics, even when the wavelength of the laser beam varies. 

[0094] It is preferred that the weight ratio of the first formazan metal chelate to the squarylium metal chelate range 
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from 10:90 to 50:50 for reasons of high light resistance and high reflectance. For reasons of excellent optical charac- 
teristics and low dependency of the sensitivity to the wavelength, the second fomnazan metal chelate is preferably 
present in an amount of 0.5 to 20 % by weight, more preferably 3 to 10 % by weight, based on a total weight of the 
first formazan metal chelate and the squarylium metal chelate. 

5 [0095] It is preferred that the optical recording medium of the present invention have a large absorption band over 
a relatively short wavelength region in a wavelength range of from 600 nm to 720 nm of the wavelength range of the 
recording and reading laser light. In this case, the laser light used for recording and reading infomnation preferably has 
a wavelength near the longer side end of the wavelength range of from 600 nm to 720 nm (i.e., in the wavelength of 
the reading and reading laser light). Such an optical recording medium has large refractive Index and extinction coef- 

10 ficient for light with the wavelength range of 600 nm to 720 nm. 

[0096] In particular, the recording layer, when formed by itself into a film, preferably has a refractive index (n) In the 
range of 1 .5 to 3.0 and an extinction coefficient (k) in the range of 0.02 to 0.3 both for a wavelength between ±5 nm 
from the reading and/or recording wavelength. When the refractive index (n) is 1 .5 or greater, a sufficient optical change 
occurs, making it possible to enhance the degree of recording modulation. When the refractive index (n) is 3.0 or less, 

IS dependence of recording and reading on the wavelength decreases so that reading errors due to the tight in the re- 
cording or reading wavelength region do not occur easily. Further, when the extinction coefficient (k) is 0.02 or greater, 
recording sensitivity can be Improved. When the coefficient (k) is 0.3 or less, a reflectivity of 50% or greater can be 
easily obtained. In addition, for reasons of high refractive index (n), the recording layer preferably has log e ( e : molar 
absorbance coefficient) of at least 5. 

20 [0097] From the viewpoint of light resistance, the optical recording layer medium preferably has reading stability 
even after reading has been repeated 1 million times or more and has light fastness enough to be free from fading 
when left indoors. 

[0098] The substrate usually has a guide groove having a depth of 1000 to 2500 A. When a great capacity is nec- 
essary, the track pitch of the guide groove is preferably 0.7 to 0.8 iim, although it is usually set at 0.7 to 1 .0 \um. The 
25 groove width is, at a half bandwidth, preferably 0.1 8 to 0.40 \vnn. At the half bandwidth of 0.1 8 (im or greater, tracking 
error signals having a sufficient intensity can be attained easily. When the half bandwidth Is 0.40 nm or less, spreading 
of a recorded portion in the width direction can be prevented. The half bandwidth within the above-described range is 
therefore preferred. 

[0099] Description will next be made of the constitution of the optical recording medium of the present invention with 
30 reference to FIGS. 2(a) to 2(d), FIGS. 3(a) to 3 (c) and FIGS. 4(a) to 4(c), in which the same reference numerals 
designate similar layers. 

[0100] FIGS. 2(a) to 2(d) show schematic cross-sectional views which show structural examples of an optical re- 
cording medium of the present invention, which can be used as a write once read many (WORM) type optical disk. 
The recording medium of the present invention shown in FIG. 2(a) comprises a substrate 1 and a recording layer 2 

35 which is provided on the substrate 1. The recording medium of the present invention shown in FIG. 2(b) is the same 
as the recording medium shown in FIG. 2(a) except that an undercoat layer 3 is interposed between the substrate 1 
and the recording layer 2. The recording medium of the present invention shown in FIG. 2(c) is the same as the recording 
medium shown in FIG. 2(b) except that a protective layer 4 is overlaid on the recording layer 2. The recording medium 
of the present invention shown in FIG. 2(d) Is the same as the recording medium shown in FIG. 2(c) except that a hard 

40 coat layer 5 is provided on the back side of the substrate 1 , opposite to the side of the undercoat layer 3 with respect 
to the substrate 1 . 

[0101] FIGS. 3(a) to 3(c) are schematic cross-sectional views showing the structure of an optica! recording medium 
according to the present invention, which can be used as a recording medium for the CD-R. The recording medium of 
the present invention shown in FIG. 3(a) comprises a substrate 1 , and a recording layer 2, a reflection layer 6 and a 

45 protective layer 4 which are successively overiald on the substrate 1 . The recording medium of the present invention 
shown in FIG. 3(b) is the same as the recording medium shown in FIG, 3(a) except that an undercoat layer 3 is inter- 
posed between the substrate 1 and the recording layer 2. The recording medium of the present invention shown in 
FIG. 3(c) is the same as the recording medium shown in FIG. 3(b) except that a hard coat layer 5 is provided on the 
back side of the substrate 1 , opposite to t.ie side of the undercoat layer 3 with respect to the substrate 1 . 

so [01 02] FIGS. 4(a) to 4(c) are schematic c ross-sectional views showing the structure of the optical recording medium 
according to the present invention, which can be used as a recording medium for DVD-R and/or DVD+R. The recording 
medium shown in FIG. 4(a) is the same as that shown in FIG. 3(a) in terms of the structure. The recording medium 
shown in FIG. 4(b) is the same as the recording medium shown in FIG. 3(a) except that a protective substrate 7 is 
attached to the protective layer 4 with an adhesive layer 8. The recording medium shown in FIG. 4(c) is the same as 

55 the recording medium shown in FIG. 3(c) except that a protective substrate 7 is attached to the protective layer 4 with 
an adhesive layer 8. 

[0103] An optical recording mediums of the present invention can also be constructed by superimposing any two of 
the above-mentioned recording media in such a manner that the recording layers of the two recording media are 
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positioned inside so as to face each other with an air gap therebetween in a sealed air-sandwich structure, or by 
laminating the two recording media In the above-mentioned posture, but through the protective layer. 
[0104] Properties or characteristics and materials for each of the above-mentioned layers of the optical recording 
medium of the present Invention will now be explained. 

<Substrate> 

[0105] When recording or reading is carried out from the direction of the substrate, the substrate needs to be trans- 
parent to the employed laser beam. Such transparency is not required when recording or reading is carried out on the 
recording layer. In the present Invention, when two substrates are used in the sandwiched form and one of these 
substrates is transparent, transparency of the other substrate is unnecessary. 

[01 06] Examples of the material usable for the substrate Include plastics such as polyester, acrylic resin, polyamide, 
polycarbonate resin, polyolefin resin, phenol resin, epoxy resin, and polyimide; glass; ceramics; and metals. 
[0107} Guide grooves or guide pits for tracking may be fomned on the surface of the substrate when the substrate 
is used alone, or on the surface of the first substrate when two substrates are used in the sandwiched structure. 
Furthermore, pre-fomiats for address signals may also be formed on the surface of the substrate. 

<Recordlng Layer> 

[0108] Information can be recorded in a recording layer by some optical changes in the recording layer caused by 
exposure to a laser beam. The recording layer is required to contain the above-described compounds. If desired, the 
recording layer may additionally include one or more other organic dyes or one or more metal or metal compounds for 
the purpose of improving the optical properties, recording sensitivity, and signal characteristics. Alternatively, the re- 
cording layer may be laminated with one or more layers containing such additional organic dye, metal or metal com- 
pound. 

[0109] Examples of such additional organic dye include (poly)methine dye, naphthalocyanine dye, phthalocyanine 
dye, squarylium dye, croconium dye, pyrilllum dye. naphthoquinone dye, anthraquinone (Indanthrene) dye, xahthene 
dye, triphenylmethane dye. azulene dye, tetrahydrocholine dye, phenanthrene dye, and triphenothiazine dye. Exam- 
ples of the metal and metal compound include In, Te, Bi, Se, Sb, Ge, Sn. Al, Be. Te02, SnO, As and Cd. 
[01 1 0] The recording layer may contain various materials, for example, polymers such as ionomer resin, polyamide 
resin, vinyl resin, natural polymers, silicone, and liquid rubber, and a silane coupling agent may be mixed in the dis- 
persed form. In order to improve the properties of the recording layer, a stabilizer (for example, a transition metal 
complex), dispersant, flame retardant, lubricant, antistatic, surfactant and/or plasticizer can be used in combination. 
[0111] The recording layer can be fonned by a generally employed method such as deposition, sputtering, CVD, or 
solution coating. For the solution coating, the above-described compounds and other" materialis are dissolved In an 
organic solvent and the resulting solution is coated by a conventional coating method such as spray coating, roller 
coating, dip coating, or spin coating. 

[01 1 2] Examples of the organic solvent used for forming a recording layer include alcohols such as methanol, ethanol, 
isopropanol and 2,2,3,3-tetrafluoropropanol; ketones such as acetone, methyl ethyl ketone, and cyclohexanone; 
amides such as N.N-dimethylfomiamide and N.N-dimethylacetamide; sulfoxides such as dimethyl sulfoxide; ethers 
such as tetrahydrofuran, dioxane, diethyl ether, and ethylene glycol monomethyl ether; esters such as methyl acetate 
and ethyl acetate; aliphatic halogenated hydrocarbons such as chloroform, methylene chloride, dichloroethane^ carbon 
tetrachloride, andtrichloroethane; aromatic solvents such as benzene, xylene, monochlorobenzene, and dichloroben- 
zene; Cellosolves such as methoxy ethanol and ethoxy ethanol; and hydrocarbons such as hexane, pentane, cyclohex- 
ane, and methylcyclohexane. 

[0113] The recording layer has preferably a thickness ranging from 100 A to 10 ^m, more preferably from 200 A to 
2000 A. 

<Undercoat Layer> 

[0114] The undercoat layer is disposed for the purposes of: (1) improving the adhesion, (2) serving as a barrier layer 
against water or gases; (3) improving the shelf life of the recording layer. (4) improving the reflectivity of the recording 
layer, (5) protecting the substrate from solvents, and/or (6) forming guide grooves, guide pits, pre-formats, and the like. 
[0115] To attain the above-mentioned purpose (1), a variety of polymer compounds such as ionomer resin, polyamide 
resin, vinyl resin, natural resins, natural polymers, silicone, and liquid rubber; and silane coupling agents may be em- 
ployed. To attain the purposes (2) and (3). inorganic compounds such as SiO, MgFg, SiOg. TiOg, ZnO. TiN. and SiN 
can be used as well as the above-described polymer materials. In addition, metals and semimetals such as Zn. Cu, 
Ni. Cr, Ge, Se, Au, Ag, and Al can be used. To attain the purpose (4), metals such as Al and Ag. and organic thin films 
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having a metal luster such as methtne dye and xanthene dye may be used. To attain the purposes (5) and (6). an 
ultraviolet-curing resin, a theimosetting resin, and a thermoplastic resin can be used. 

[01 16] The undercoat layer is formed to have a film thickness of preferably 0.01 to 30 ^m. more preferably 0.05 to 
10 |xm. 

5 

<Metal reflective layer> 

[01 17] The metal reflective layer is made of a metal or semimetal exhibiting a high reflectivity even if it is used alone 
and corrosion resistance. Specific examples of such a meta! include Au, Ag, Cr, Ni, Al, Fe, Sn, and Cu. Among these 
10 metals, Au, Ag, and AI are particularly preferred in view of the reflectivity and the productivity. These metals and sem- 
imetals may be used either alone or in combination of two as an alloy. The metal reflective layer can be formed, for 
example, by deposition or sputtering. The reflective layer has a thickness of preferably 50 to 5000 A, more preferably 
100 to 3000 A. 

15 <Protective Layer and Substrate-Surface Hard Coat Layer> 

[0118] The protective layer and the substrate-surface hard coat layer are laid in order to (1) protect the recording 
layer (or the reflection absorbing layer) from scratches, dust, and contamination, (2) Improve the shelf life of the re- 
cording layer (or the reflection absorbing layer), and (3) improve the reflectivity. To satisfy these purposes, materials 

20 similar to those used for the undercoat layer may be used. As inorganic materials, SiO andS102may be used. Examples 
of the organic material include heat softening resins, hot-melt resins and ultraviolet-curing resins such as poly(methyl 
acrylate), polycarbonate, epoxy resin, polystyrene, polyester resin, vinyl resin, cellulose, aliphatic hydrocarbon resin, 
aromatic hydrocarbon resin, natural rubber, styrene-butadiene resin, chloroprene rubber, wax, alkyd resin, drying oil, 
and rosin. Among these, ultraviolet-curing resins are most preferred because of excellent productivity. 

25 [0119] The protective layer or the substrate-surface hard coat layer has a thickness of preferably 0.01 to 30 |xm, 
more preferably 0.05 to 1 0 fim. 

[0120] In the present invention, a stabilizer, dispersant, flame retardant, lubricant, antistatic, surfactant, and/or plas- 
ticizer may be incorporated in the undercoat layer, the protective layer, or the substrate-suriace hard coat layer as in 
the case of the recording layer. 

30 

<Protective Substrate> 

[0121] The protective substrate needs to be transparent to a laser light to which it is exposed. However, such trans- 
parency is unnecessary when the protective substrate is used only for protection. The materials for the protective 
35 substrate are utterly same as those for the substrate. For example, plastics such as polyester, acrylic resin, polyamide, 
polycarbonate resin, polyolefin resin, phenol resin, epoxy resin, and polyimide; glass; ceramics; and metals, and the 
like may be used. 

<Adheslve and Adhesive Layer> 

40 

[0122] Any material can be used insofar as two recording media can be adhered thereto. From the viewpoint of the 
productivity, an ultraviolet-curing adhesive or hot-melt adhesive is preferred. 
[0123] The following examples will further illustrate the present invention. 

45 Example 1 

[0124] A polycarbonate substrate was prepared by injection molding. The substrate had a thickness of 0.6 mm, a 
diameter of 120 mm and guide grooves having a depth of 1 750 A, a half width of 0.25 ^.m and a track pitch of 0.74 jim. 
A coating liquid in which 40 parts by weight of formazan metal chelate A-9 (Table 2), 60 parts by weight of squarylium 

so metal chelate B-4 (Table 5) and 7 parts by weight of phthalocyanine compound C-2 (Table 8) were dissolved in 
2,2,3,3-tetrafluoropropanol was applied with a spinner on the substrate to form an organic dye layer having a thickness 
of 1000 A. Then, a light reflective gold layer having a thickness of 1300 A was formed on the dye layer by a sputtering 
method, on which a protective layer of an acrylic photopolymer having a thickness of 5 ^.m was further fonmed. Finally, 
a polycarbonate substrate prepared by injection molding and having a thickness of 0.6 mm was bonded to the protective 

55 layer with an acrylic photopolymer, thereby obtaining a recording medium. 
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Examples 2-10 

[0125] Using various combinations of a fomnazan metal chelate, a squarylium metal chelate and a phthalocyanine 
compound as shown in Table 15. optical recording media were prepared in the same manner as that in Example 1 . 

Comparative Example 1 



[01 261 An optical recording medium was prepared in the same manner as that in Example 1 except that the recording 
layer did not contain the phthalocyanine compound as shown in Table 15. 

Table 15 



Example 


Fomnazan Metal Chelate (parts 
by weight) 


Squarylium Metal Chelate (parts 
by weight) 


Phthalocyanine Compound 
(parts by weight) 


1 


A-9 (40) 


B-4 (60) 


C-2 (7) 


2 


A-5 (25) 


B-13 (75) 


C-6 (3) 


3 


A-16(10) 


B-5 (90) 


C-10(8) 


4 


A- 13 (50) 


B-18 (50) 


C-4(1) 


5 


A-3 (45) 


B-7 (55) 


C-3 (10) 


6 


A-11 (40) 


B-8 (60) 


C-11 (20) 


7 


A-1 (30) 


B-12 (70) 


C-9 (1 .5) 


8 


A-6 (25) 


B-15(75) 


C-7 (5) 


9 


A-4 (25) 


B-1 (75) 


C-12 (0.5) 


10 


A- 15 (40) 


B-17 (60) 


C-1 (15) 


Comp. 1 


A-9 (40) 


B-4 (60) 





[0127] On each of the thus obtained recording media was perfomned the recording using a semiconductor laser 
beam having an oscillation wavelength of 658 nm and a beam diameter of 1.0 \im. The recording was perfomned at a 
recording linear velocity of 3.5 m/sec. The record was read with a continuous semiconductor laser beam of 658 nm 
(reading power: 0.7 mW) to observe the reading wave form. Similar recording and reading were carried out using a 
semiconductor laser beam having a wavelength of 670 nm. The results are shown in Table 16. 



Table 16 



Example 


658 nm 


670 nm 


Reflectance (%) 


Recording Sensitivity (mW) 


Reflectance (%) 


Recording Sensitivity (mW) 


1 


48 


7.8 


49 


8.1 


2 


50 


7.8 


53 


8.3 


3 


48 


7.5 


49 


7.8 


4 


50 


8.0 


52 


8.5 


5 


48 


7.7 


49 


8.1 


6 


46 


7.7 


46 


7.6 


7 


50 


8.1 


52 


8.6 


8 


49 


7.8 


49 


8.2 


9 


52 


8.0 


54 


8.9 


10 


49 


7.7 


48 


8.0 


Comp. 1 


51 


8.0 


53 


15.0 
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Example 11 

[0128] A polycarbonate substrate was prepared by injection nnolding. The substrate had a thickness of 0.6 mm, a 
diameter of 1 20 mm and guide grooves having a depth of 1 750 A. a half width of 0,25 pjn and a track pitch of 0.74 p.m. 

5 A coating liquid In which 40 parts by weight of formazan metal chelate A-9 (Table 2). 60 parts by weight of squarylium 
metal chelate B-4 (Table 5) and 3 parts by weight of pentamethlne cyanlne compound D-1 0 (Table 1 1 ) were dissolved 
In 2,2,3,3-tetrafluoropropanol was applied with a spinner on the substrate to form an organic dye layer having a thick- 
ness of 1000 A. Then, a light reflective gold layer having a thickness of 1300 A was formed on the dye layer by a 
sputtering method, on which a protective layer of an acrylic photopolymer having a thickness of 5 pjn was further 

10 f onned. Finally, a polycarbonate substrate prepared by injection molding and having a thickness of 0.6 mm was bonded 
to the protective layer with an acrylic photopolymer, thereby obtaining a recording medium. 

Examples 12-20 

15 [0129] Using various combinations of a fomiazan metal chelate, a squarylium metal chelate and a pentamethlne 
cyanine compound as shown in Table 1 7, optical recording media were prepared in the same manner as that in Example 
11. 

Comparative Example 2 

20 

[0130] An optical recording medium.was prepared in the same manner as that in Example 11 except that the recording 
layer did not contain the pentamethlne cyanlne compound as shown In Table 17. 



Table 17 



Example 


Formazan Metal Chelate (parts 
by weight) 


Squarylium Metal Chelate (parts 
by weight) 


Penlamelhrne cyanine 
Compound (parts by weight) 


11 


A-9 (40) 


B-4 (60) 


D-10(3) 


12 


A-5(25) 


B-13 (75) 


D-3(1.5) 


13 


A-16 (10) 


B-5 (90) 


D-1 2 (5) 


14 


A-13 (50) 


B-18 (50) 


D-2 (1 .3) 


15 


A-3 (45) 


B-7 (55) 


D-5(1.2) 


16 


A-11 (40) 


B-8 (60) 


D-1 (4) 


17 


A-1 (30) 


B-12 (70) 


D-1 3 (2.3) 


18 


A-6 (25) 


B-15(75) 


D-7 (3) 


19 


A-4 (25) 


B-1 (75) 


D-2 (1.7) 


20 


A- 15 (40) 


B-17 (60) 


0-14(0.5) 


Comp. 2 


A-9 (40) 


B-4 (60) 





[0131] On each of the thus obtained recording media was perfomried the recording using a semiconductor laser 
beam having an oscillation wavelength of 658 nm and a beam diameter of 1 .0 jim. The recording was perfomied at a 
recording linear velocity of 3.5 m/sec. The record was read with a continuous semiconductor laser beam of 658 nm 
(reading power: 0.7 mW) to observe the reading wave form. Similar recording and reading were candied out using a 
semiconductor laser beam having a wavelength of 670 nm. The results are shown in Table 1 8. 



Tablets 



Example 


658 nm 


670 nm 


Reflectance (%) 


Recording Sensitivity (mW) 


Reflectance (%) 


Recording Sensitivity (mW) 


11 


48 


7.8 


50 


8.1 


12 


50 


7.4 


52 


7.9 


13 


47 


7.3 


47 


7.2 
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Table 18 (continued) 



Example 


658 nm 


670 nm 


Reflectance (%) 


Recording Sensitivity (nnW) 


Reflectance (%) 


Recording Sensitivity (mW) 


14 


50 


6.0 


50 


8.3 


15 


49 


7.9 


51 


8.3 


16 


46 


7.7 


46 


7,7 


17 


48 


7.7 


49 


7.8 


18 


49 


7.6 


49 


7.8 


19 


51 


8.0 


53 


8.3 


20 


52 


8.1 


53 


8.7 


Comp. 2 


51 


8.0 


53 


15.0 



Example 21 



20 [0132] A polycarbonate substrate was prepared by Injection molding. The substrate had a thickness of 0.6 mm, a 
diameter of 120 mm and guide grooves having a depth of 1 750 A, a half width of 0.25 ^^m and a track pitch of 0.74 jim. 
A coating liquid in which 40 parts by weight of first formazan metal chelate A-9 (Table 2), 60 parts by weight of squaryllum 
metal chelate B-4 (Table 5) and 5 parts by weight of second fomnazan metal chelate E-3 (Table 13) were dissolved in 
2,2,3,3'tetraftuoropropanol was applied with a spinner on the substrate to form an organic dye layer having a thickness 

25 of 1 000 A. Then, a light reflective gold layer having a thickness of 1300 A was formed on the dye layer by a sputtering 
method, on which a protective layer of an acrylic photopolymer having a thickness of 5 \xm was further fonmed. Finally, 
a polycarbonate substrate prepared by injection molding and having a thickness of 0.6 mm was bonded to the protective 
layer with an acrylic photopolymer, thereby obtaining a recording medium. 

30 Examples 22-30 

[0133] Using various combinations of a first fomnazan metal chelate, a squarylium metal chelate and a second for- 
mazan compound as shown in Table 1 9, optical recording media were prepared in the same manner as that in Example 

21. 

35 

Comparative Example 3 

[0134] An optical recording nnedium was prepared In the same manner as that in Example 21 except that the recording 
layer did not contain the second formazan metal chelate as shown in Table 1 9. 

40 

Table 1 9 



Example 


First Fonmazan Metal Chelate 
(parts by weight) 


Squaryllum Metal Chelate (parts 
by weight) 


Second Formazan Metal 
Chelate (parts by weight) 


21 


A-9 (40) 


B-4 (60) 


E-3 (5) 


22 


A-5 (25) 


B-13 (75) 


E-7 (8) 


23 


A-6 (10) 


B-5 (90) 


E-11 (20) 


24 


A-3 (50) 


B-18 (50) 


E-4 (5) 


25 


A-3 (45) 


B-7 (55) 


E-8 (10) 


26 


A-1 (40) 


B-8 (60) 


E-2 (0.5) 


27 


A-1 (30) 


B-12 (70) 


E-6 (1 .2) 


28 


A-6 (25) 


B-15 (75) 


E-10 (5) 


29 


A-4 (25) 


B-1 (75) 


E-1 (15) 


30 


A-5 (40) 


B-17 (60) 


E-9 (3) 
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Table 19 (continued) 



Example 


First Formazan Metal Chelate 
(parts by weight) 


Squarylium Metal Chelate (parts 
by weight) 


Second Formazan Metal 
Chelate (parts by weight) 


Comp. 3 


A-9 (40) 


B-4 (60) 





[0135] On each of the thus obtained recording nnedia was performed the recording using a semiconductor laser 
beam having an oscillation wavelength of 658 nm and a beam diameter of 1 .0 p.m. The recording was performed at a 
recording linear velocity of 3.5 m/sec. The record was read with a continuous semiconductor laser beam of 658 nm 
(reading power: 0.7 mW) to observe the reading wave form. Similar recording and reading were carried out using a 
semiconductor laser beam having a wavelength of 670 nm. The results are shown In Table 20. 



Table 20 



20 



25 



30 



Example 


658 nm 


670 nm 


Reflectance (%) 


Recording Sensitivity (mW) 


Reflectance {%) 


Recording Sensitivity (mW) 


21 


48 


7.7 


49 


8.3 


22 


61 


7.6 


53 


8.1 


23 


47 


7.5 


46 


7.5 


24 


50 


8.1 


51 


8.6 


25 


48 


7.7 


49 


7.9 


26 


51 


7.9 


53 


8.5 


27 


50 


8.1 


52 


8.6 


28 


49 


7.6 


50 


8.0 


29 


47 


8.1 


47 


8.3 


30 


49 


7.7 


48 


8.1 


Comp. 3 


51 


8.0 


53 


15.0 



Claims 

1 . An optical recording medium comprising a substrate, and a recording layer provided on said substrate wherein 
said recording layer comprises: 

(a) a formazan metal chelate which comprises a formazan compound and a metal component, 

(b) a squarylium metat chelate which comprises a squarylium compound and a metal component; and 

(c) at least one additional dye selected from a phthalocyanlne compound and a pentamethine cyanine com- 
pound. 

2. The optical recording medium as claimed in claim 1 , wherein said formazan metal chelate in the form of a film has 
the maximum absorption wavelength in the range of 500 to 650 nm, said squarylium metal chelate In the form of 
a film has the maximum absorption wavelength in the range of 500 to 650 nm, and said additional dye in the form 
of a film has the maximum absorption wavelength in the range of 650 to 750 nm. 

3. The optical recording medium as claimed in claim 1 or 2, wherein the weight ratio of said formazan metal chelate 
to said squarylium metal chelate ranges from 10:90 to 50:50. wherein said additional dye is a phthalocyanine 
compound, and wherein said phthalocyanlne compound is present in an amount of 0.5 to 20 % by weight based 
on a total weight of said formazan metal chelate and said squarylium metal chelate. 

4. The optical recording medium as claimed in claim 1 or 2, wherein the weight ratio of said formazan metal chelate 
to said squarylium metal chelate ranges from 1 0:90 to 50:50, wherein said additional dye is a pentamethine cyanine 
compound, and wherein said pentamethine cyanine compound is present in an amount of 0.5 to 5 % by weight 
based on a total weight of said fonmazan metal chelate and said squarylium metal chelate. 
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The optical recording medium as claimed in any preceding claim, wherein said formazan compound is represented 
by one of the following formulas (I) and (II): 



wherein Z represents a residue'torming, together with the carbon atom and the nitrogen atom to which said residue 
is bonded, a 5-membered or 6-membered nitrogen-containing heterocyclic ring A which may have one or more 
substituents and which may be condensed with another ring; represents an alkyi group which may have one 
or more substituents, an aryl group which may have one or more substituents, an alkyicarbonyl group which may 
have one or more substituents, an arylcarbonyl group which may have one or more substituents, an alkenyl group 
which may have one or more substituents, a heterocyclic group which may have one or more substituents, or an 
alkoxycarbonyl group* which may have one or more substituents; and B represents an alkyI group which may have 
one or more substituents, an alkenyl group which may have one or more substituents or an aryl group which may 
have one or more substituents, 



wherein represents a residue forming, together with the carbon atom and the nitrogen atom to which said residue 
is bonded, a 5-membered or 6-membered nitrogen-containing heterocyclic ring B which may have one or more 
substituents and which may be condensed with another ring; Z2 represents a residue forming, together with the 
carbon atom and the nitrogen atom to which said residue is bonded, a 5-membered or 6-membered nitrogen- 
containing heterocyclic ring C which may have one or more substituents and which may be condensed with another 
ring: and Ag each independently represent an alkyI group which may have one or more substituents, an aryl 
group which may have one or more substituents, an alkyicarbonyl group which may have one or more substituents, 
an arylcarbonyl group which may have one or more substituents, an alkenyl group which may have one or more 
substituents. a heterocyclic group which may have one or more substituents, or an alkoxycarbonyl group which 
may have one or more substituents; and Bg each Independently represent an alkylene group which may have 
one or more substituents, an alkenylene group which may have one or more substituents or an arylene group 
which may have one or more substituents; W represents -CHg- or -SOg-; and n is an integer of 0 or 1 . 

The optical recording medium as claimed in any preceding claim, wherein the metal component of said formazan 
metal chelate Is at least one member selected from vanadium, manganese, iron, cobalt, nickel, copper, zinc, pal- 
ladium, oxides thereof and'halldes thereof. 

The optical recording medium as claimed in any preceding claim, wherein said squarylium metal chelate is repre- 
sented by the following fomiula (III): 




(I ) 




■^tr-NH N— Bi-(\A0n-B2-N HN— c' 

y \ } \ > V 

. Ai A2 




(II) 
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N— N 



(III) 



m 



wherein and R2 each independently represent a hydrogen atom, an aliphatic group which may have one or 
more substituents, an arall<yl group which may have one or more substituents, an aryl group which may have one 
or more substituents or a heterocyclic group which may have one or more substituents; M represents a metal atom 
having a coordination capacity; X represents an aryl group which may have one or more substituents, a heterocyclic 
group which may have one or more substituents, or = CH- (Z3 representing a heterocyclic group which may 
have one or more substituents); and m is an integer of 2 or 3. 

The optical recording medium as claimed in claim 7. wherein X in the formula (III) is represented by the following 
formula (IV): 



wherein R3 and R4 each independently represent an aliphatic group which may have one or more substituents, or 
R3 and R4 may be taken together with an adjacent carbon atom to form a hydrocarbon ring or a heterocyclic ring; 
R5 represents a hydrogen atom, an aliphatic group which may have one or more substituents, an arall<yl group 
which may have one or more substituents, or an aryl group which may have one or more substituents; Rg through 
Rg each independently represent a halogen atom, an aliphatic group which may have one or more substituents, 
an arall<yl group which may have one or more substituents, an aryl group which may have one or more substituents, 
a nitro group, a cyano group, or an alkoxy group which may have one or more substituents, or adjacent two of Rg 
through Rg may be taken together with two adjacent carbon atoms to fonn a ring which may have one or more 
substituents. 

. The optical recording medium as claimed in claim 7 or 8. wherein M in the formula (111) is aluminum. 

0. The optical recording medium as claimed In any one of claim 1-3 and claims 5-9, wherein said phthalocyanine 
compound is represented by the following formula (V): 




?6 I 



(IV) 



. . R9 



Rs 
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wherein R^q through R^3 each independently represent an alkylsulfinyl group which may have one or more sub- 
stltuents, an alkenylsulfinyl group which may have one. or more substituents, an arylsulfinyl group which may have 
one or more substituents, an alkylsUlfonyl group which may have one or more substituents, an all<enylsulfonyl 
group which may have one or more substituents, an aryisutfonyl group which may have one or more substituents, 
an all<yloxysulfonyl group which may have one or more subsliluenls, an ail^enyioxysulfonyl group which may have 
one or more substituents, an aryloxysulfonyl group which may have one or more substituents, an alkoxy group 
which may have one or more substituents, an arylcarbonyloxy group which may have one or more substituents or 
a pyrazolyl group which may have one or more substituents, and represents a metal component ortwo hydrogen 
atoms. 

11. The optical recording medium as claimed in claim 10, wherein in the formula (V) represents V=0 or Q^-Si-Qg 
where and Qg each independently represent an alkoxy group which may have one or more substituents, an 
aryloxy group which may have one or more substituents, an alkoxycarbonyl group which may have one or more 
substituents, an aryloxycarbonyl group which may have one or more substituents, an aryloxysulfonyl group which 
may have one or more substituents or an arylcarbonyloxy group which may have one or more substituents. 

12. The optical recording medium as claimed in any one of claims 1 , 2 and 4-9. wherein said pentamethine cyanine 
compound is represented by the following fomnula (VI): 




wherein R^oa represents a hydrogen atom, an aliphatic group which may have one or more substituents or a 
halogen atom, R^^g ^i2a ^^^^ independently represent an aliphatic group which may have one or more sub- 
stituents and Q represents I , CIO4", BF^-, PFg*, SbF^ or TsO*. 

13. The optical recording medium as claimed in any preceding claim, wherein the refractive index (n) and the extinction 
coefficient (k) of a single layer of the recording layerto a light having a wavelength in the range of between (recording 
or reading wavelength + 5 nm) and (recording or reading wavelength - 5 nm) meet the following conditions: 

1.5<n<3.0 

and 
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0.02 < k < 0.3 



14. The optical recording medium as claimed in any preceding claim, furtlier comprising a reflective layer, provided 
over said recording layer and including a metal selected from gold, silver, copper, aluminum and alloys thereof. 

15. The optical recording medium as claimed in any preceding claim, wherein said substrate has a track pitch of 
0.64-0.8 jrni and a groove width of 0.1 8-0.40 jim in terms of half width. 

16. The optical recording medium as claimed in any preceding claim, being recordable at a wavelength of 600 to 720 
nm. 

17. An optical recording method comprising the step of exposing the optical recording medium according to any one 
of claims 1-16 to a light beam having a wavelength of 600 to 720 nm. 

18. An optical recording device comprising the optical recording medium according to any one of claims 1-16. 

19. An optical recording medium comprising a substrate, and a recording layer provided on said substrate wherein 
said recording layer comprises: 

(a) a first formazan metal chelate which comprises a first formazan compound and a first metal component 
and which in the form of a film has the maximum absorption wavelength in the range of 500 to 650 nm, 

(b) a squarylium metaPchelate which comprises a squarylium compound and a metal component and which 
in the form of a film has the maximum absorption wavelength in the range of 500 to 650 nm; and 

(c) a second formazan metal chelate which comprises a second formazan compound and a second metal 
component and which In the form of a film has the maximum absorption wavelength in the range of 650 to 750 
nm. 

20. The optical recording medium as claimed in claim 1 9, wherein the weight ratio of said first f onmazan metal chelate 
to said squarylium metal chelate ranges from 1 0:90 to 50:50, wherein said second formazan metal chelate is 
present in an amount of 0.5 to 20 % by weight based on a total weight of said first fomiazan metal chelate and 
said squarylium metal chelate. 

21. The optical recording medium as claimed in claim 19 or 20. wherein each of said first and second formazan com- 
pounds is represented by one of the following formulas (1) and (II) : 



wherein Z represents a residue tomning, together with the carbon atom and the nitrogen atom to which said residue 
is bonded, a 5-membered or 6-membered nitrogen-containing heterocyclic ring A which may have one or more 
substituenls and which may be condensed with another ring; A3 represents an aikyi group which may have one 
or more substituents, an aryl group which may have one or more substituents, an alkylcarbonyl group which may 
have one or more substituents, an arylcarbonyl group which may have one or more substituents, an alkenyl group 
which may have one or more substituents, a heterocyclic group which may have one or more substituents, or an 
alkoxycarbonyl group which may have one or more substituents; and B represents an alkyl group which may have 
one or more substituents, an alkenyl group which may have one or more substituents or an aryl group which may 
have one or more substituents, 




(I) 
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/ ^Q-NH N— Bi-(\A0n-B2-N HN— C 
! B • I II I I C 

; N N M \ 



A, 



A2 



(II) 



10 



15 



20 



wherein represents a residue fonming, together with the carbon atom and the nitrogen atom to which said residue 
is bonded, a S-membered or 6-membered nitrogen-containing heterocyclic ring B which may have one or more 
substituents and which may be condensed with another ring; Zg represents a residue forming, together with the 
carbon atom and the nitrogen atom to which said residue Is bonded, a 5-membered or 6-membered nitrogen- 
containing heterocyclic ring C which may have one or more substituents and which may be condensed with another 
ring: and A2 each independently represent an alkyl group which may have one or more substituents. an aryl 
group which may have one or more substituents. an allcylcarbonyl group which may have one or more substituents, 
an arylcarbonyl group which may have one or more substituents, an allcenyl group which may have one or more 
substituents, a heterocyclic group which may have one or more substituents. or an alkoxycarbonyl group which 
may have one or more substituents; and Bg each independently represent an allcylene group which may have 
one or more subsliluenls, an allcenylene group which may have one or more subsliluenls or an aryiene group 
which may have one or more substituents; W represents -CHg- or -SO2-; and n is an integer of 0 or 1 . 
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22. The optical recording medium as claimed in any one of claims 19-21, wherein the metal component of said first 
and second tormazan metal chelate is at least one member selected from vanadium, manganese, iron, cobalt, 
nickel, copper, zinc, palladium, oxides thereof and halides thereof. 

23. The optical recording medium as claimed in any one of claims 19-22, wherein said squarylium metal chelate is 
represented by the following formula (III): 



30 



35 



40 



45 




(III) 



N— N 



wherein and R2 each independently represent a hydrogen atom, an aliphatic group which may have one or 
more substituents, an aralkyi group which may have one or more substituents, an aryl group which may have one 
or more substituents or a heterocyclic group which may have one or more substituents; M represents a metal atom 
having a coordination capacity; X represents an aryl group which may have one or more substituents, a heterocyclic 
group which may have one or more substituents. or Z3 = CH- (Z3 representing a heterocyclic group which may 
have one or more substituents); and m is an Integer of 2 or 3. 
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24. The optical recording medium as claimed in claim 23, wherein X in the formula (III) Is represented by the following 
formula (IV): 



55 




(IV) 



39 



EP 1 335 357 A1 



10 
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wherein and R4 each independently represent an aliphatic group which may have one or more substituents, or 
R3 and R4 may be taken together with an adjacent carbon atom to form a hydrocarbon ring or a heterocyclic ring; 
R5 represents a hydrogen atom, an aliphatic group which may have one or more substituents, an aralkyi group 
which may have one or more substituents, or an aryl group which may have one or more substituents; Rg through 
Rg each independently represent a halogen atom, an aliphatic group which may have one or more substituents, 
an aralkyi group which may have one or more substituents, an aryl group which may have one or more substituents, 
a nitro group, a cyano group, or an alkoxy group which may have one or more substituents, or adjacent two of R5 
through Rg f omn a ring may be taken together with two adjacent carbon atoms to form a ring which may have one 
or more substituents. 

25. The optical recording medium as claimed in claim 23 or 24, wherein M In the formula (III) is aluminum. 



26. The optical recording medium as claimed in any one of claims 19-25, wherein the refractive index (n) and the 
extinction coefficient (k) of a single layer of the recording layer to a light having a wavelength In the range of 
15 between (recording or reading wavelength + 5 nm) and (recording or reading wavelength - 5 nm) meet the following 

conditions: 



1.5 < n S3.0 



and 



0.02 < k < 0.3. 

25 

27. The optical recording medium as claimed in any one of claims 1 9-26, further comprising a reflective layer, provided 
over said recording layer and including a metal selected from gold, silver, copper, aluminum and alloys thereof. 

28. The optical recording medium as claimed in any one of claims 19-27, wherein said substrate has a track pitch of 
30 0.64-0.8 nm and a groove width of 0.1 8-0.40 ^m in terms of half width, 

29. An optical recording medium as claimed in any one of claims 19-28. and being recordable at a wavelength of 600 
to 720 nm. 

35 30. An optical recording method comprising the step of exposing the optical recording medium according to any one 
of claims 1 9-28 to a light beam having a wavelength of 600 to 720 nm. 

31- An optical recording device comprising the optical recording medium according to any one of claims 19-28. 

40 32. An optical recording medium comprising a substrate, and a recording layer provided on said substrate wherein 
said recording layer comprises: 

(a) a first fomnazan metal chelate which comprises a first formazan compound and a first metal component 
and which in the fomn of a film has the maximum absorption wavelength in the range of 500 to 650 nm, 

45 (b) a squarylium metal chelate which comprises a squarylium compound and a metal component and which 

in the fonn of a film has the maximum absorption wavelength in the range of 500 to 650 nm; and 
(c) at least one additional dye which in the form of a film has the maximum absorption wavelength greater 
than 650 nm but not greater than 750 nm and which is selected from a phthalocyanine compound, a pentam- 
ethine cyanine compound and a second formazan metal chelate comprising a second formazan compound 

so and a second metal component. 



55 



40 



EP 1 335 357 A1 



FIG. 1 
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FIG. 2 (b) 



FIG, 2 (c) 



FIG. 2 (d) 
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FIG, 3(b) • 
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